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(54) Spark plug and method of manufacturing the same 

(57) A glaze layer (2d) formed on the surface an alu- 
mina-based insulator (2) of a resistor spark plug (100) 
contains Si0 2 (18-35% by weight), B 2 0 3 (25-40% by 
weight), ZnO (10-25% by weight), BaO (7-20% by 
weight), Na 2 0 (3-9% by weight), and K 2 0 (3-9% by 
weight). Since the difference between the coefficient of 
linear expansion of the glaze and that of the alumina- 
based insulating material is relatively small, the glaze 
layer (2d) is less susceptible to cracks and the like. Also, 
since the glaze has a softening point lower than that of 
conventional lead-silicate-glass-based glaze, the glost- 
firing temperature can be as low as 800-950°C. There- 
fore, even in the case where glost firing is performed 
concurrently with a glass sealing step, a center elec- 
trode (3) and a terminal metal piece (13) are less sus- 
ceptible to oxidation. Further, even though the content 
of the alkali metal component is high, a good insulating 
performance is obtained, so that excellent fiashover re- 
sistance is attained 
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Description 

[0001] The present invention relates to a spark plug and to a method of manufacturing the spark plug 
[0002] A spark plug used for providing ignition in an internal combustion engine such as an automobile engine typ 
ically includes a metallic shell; an insulator formed from, for example, an alumma-based ceramic and disposed within 
the metallic shell; and a center electrode disposed within the insulator. A ground electrode is attached to the metallic 
shell. The insulator axially projects from the rear opening portion of the metallic shell. A terminal metal piece is deposed 
inside the projecting portion of the insulator. The terminal metal piece is connected to the center electrode via a resistor, 
conductive glass seal layers formed in a glass sealing step, and the like. Upon application of a high voltage via the 
terminal metal piece, spark discharge is induced at a gap formed between the ground electrode and the center elec- 
trode. 

[0003] However, if the spark plug is subjected to certain conditions simultaneously, such as high plug temperature 
high ambient humidity, and the like, application of high voltage cannot successfully induce spark discharge at the gap' 
and there may occur a so-called "flashover" phenomenon in which spark discharge is induced between the terminal 
metal piece and the metallic shell such that the spark runs over the surface of the projecting portion of the insulator. 
Therefore, in order to prevent the flashover phenomenon, most spark plugs for general use have a glaze layer formed 
on the surface of their insulators. The glaze layer also serves for smoothing the surface of the insulator so as to prevent 
contamination, and for increasing chemical or mechanical strength. 

[0004] The glaze layer is formed on an insulator, through application of glaze slurry onto the surface of an insulator 
and firing (particularly called "glost firing"). In the case of an alumina-based insulator for use in a spark plug a glaze 
layer is formed on a fired insulator through subsequent baking at 1 000-1 1 00°C, In such a case, there has conventionally 
been used lead-silicate-glass-based glaze which has a lowered softening point due to incorporation of a relatively large 
amount of PbO to silicate glass. However, this type of glaze involves the following drawbacks: 

(1 ) Since the glaze has a coefficient of linear expansion lower than that of alumina-based insulating material which 
serves as a substrate, the obtained glaze layer is susceptible to cracks and the like 

(2) Although the glaze contains a considerable amount of PbO, the glost-firing temperature is still high; i.e., 1000°C 
or more. In the manufacture of spark plugs, glost firing is often performed concurrently with a glass sealing step 
so as to reduce the number of manufacturing steps. Therefore, high glost-firing temperature as described above 
disadvantageously permits accelerated oxidation of a terminal metal piece and a center electrode. A conceivable 
measure for further lowering the glost-firing temperature is to add alkali metal oxide such as Na 2 0 to the glaze. 
However, if the amount of alkali metal components is increased excessively insulation performance is lowered, 
and the spark plug becomes susceptible to flashover 

(3) In recent years, concerns for environmental protection have increased worldwide, and glaze containing Pb has 
been used less often. For example, the automobile industry, which uses a large number of spark plugs, is consid- 
ering the complete abolition of spark plugs using glaze containing Pb, in view of the environmental effect of dis- 
carded spark plugs 

[0005] A first object of the present invention is to provide a spark plug comprising an insulator and a glaze layer 
40 thereon, wherein the glaze provides high insulation performance and can be glost-fired at a relatively low temperature 
as compared with conventional glaze. A second object of the present invention is to provide a method of manufacturing 
the spark plug. A third object of the present invention is to provide a spark plug in which the amount of Pb contained 
in glaze is remarkably reduced so as to meet growing demands to protect the environment. 

[0006] According to a first mode of the present invention, there is provided a spark plug comprising a center electrode, 
a metallic shell, a ground electrode, an insulator, and a glaze layer. The metallic shell is disposed so as to surround 
the center electrode. One end of the ground electrode is connected to the metallic shell, while the other end of the 
ground electrode faces the center electrode. The insulator is disposed between the center electrode and the metallic 
shell such that the insulator covers the outer surtace of the center electrode. The glaze layer is formed so as to cover 
at least a portion of the surface of the insulator. In order to achieve the above-described objects, glaze which forms 
the glaze layer predominantly comprises, as elements before undergoing oxidization, Si, B, Zn, and Ba, and two ele- 
ments selected from among Na, K, and Li (hereinafter these two elements are called "co-added alkali metal compo- 
nents") Specifically, the glaze contains Si in an amount of 18-35% by weight as reduced to Si0 2 , B in an amount of 
2540% by weight as reduced to B 2 0 3 , Zn in an amount of 10-25% by weight as reduced to ZnO, and Ba in an amount 
of 7-20% by weight as reduced to BaO Also, each of the two co-added alkali metal components is contained in the 
giaze in an amount of 3-9% by weight, as reduced to Na 2 0, K 2 0, or Li 2 0 

[0007] The expression used herein, "the proportion of an element is x% by weight as reduced to its oxide", indicates 
that the amount of the element is such that if all that element were present in the form of the given oxide, then the 
proportion by weight of that oxide to the total weight of the composition would be x%. 
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[00081 When the insulator to be coated with the glaze is formed of, for example, alumina-based insulating material 
he difference between the coefficient of linear expansion of the insulator and that of the glaze of the above^escnbed 
composrtion used for the spark plug of the first mode is relatively small, so that the glaze layer ,s less suscep ble to 
craX andlhe like Also, since the amount of the alkali metal components is set relatively h.gh. the glaze has a softening 
s point lower than that o, conventional ,ead-s,l,cate-glass-based glaze. Consequently, the glost-finng tempera jure -can 
be as low as 800-950°C. Therefore, even in the case where g.ost firing is performed concurrently w,th the glass sealing 
step as mentioned above, the center electrode and the below-descnbed terminal metal piece are less susceptible to 

m009]' On Further, notwithstanding the high amount of the alkali metal components, excellent insulation performance 
10 can be obtained In this regard, it is important that two different alkali metal components selected from among Na, K 
and U be aTded oncurrently, rather than just one type o, alkali meta, component being added. That^ the preset* 
fnventors conducted studies and found the following: In the case where an alkali metal component » «^^ ^ 
he amount thereof increases, the conductivity of glaze drastically increases, leading to considerable impairment of 
nsufcZ perfo mance. However, when two types o, alkali meta. components are added in combination conduct.ity 
is So laze does not increase greatly, even when the total amount of the added components ,s considerably increased^ 
i na exce lent insulation performance is secured. As a result, the amount of alkali meta, J^™ 8 ? 
while permitting minimal reduction in insulation performance, leading to simultaneous attainment of the two goals, l 
TtZTjSe^ and lowering of glost-finng temperature. Also, the remaining third alkali metal component an 
other alkal, metal components may be added, so long as the conductivity suppression effect of the co-added alkal, 

form, SiQ 2 . When the insulator to be coated with the glaze is formed o, alumina-based insulating ma ter alrf the S 
content is less than 18% by weight, the coefficient of linear expansion of the glaze becomes excessively high, so that 
he glaze iLyer becomes more susceptible to defects such as cracks By contrast, if the Si content is in excess of 35 A 

2 s b y weight, the coefficient of linear expansion of the glaze becomes too low, so that the glaze Hayer ^becomes more 
susceptible to defects such as crazing. Preferably, the Si content is set with.n the range of 25-30 A. by weight 
rooni The B content is set within the range of 25-40% by weight as reduced to 6303. If the B content ,s less than 
5% by we-ghf the softening point o, the glaze increases, wh.ch can .ead to failure to attain gloat finng a, .the pre scn bed 
desired temperature (800-950°C as described above) By contrast, when the B conten is higher than 40 A by we,g 

30 phase separation tends to occur in the resuitant glaze layer, which may result in dev,.nf,cat,on, detenora ec insu at,on 
performance, or incompatibility with the substrate in terms of the coefficient of linear expansion, preferably, the B 
content is set within the range of 30-35% by weight. ^, 7 n |f)ho7(1 rnnt „ nt =. |ess than 

r001 21 The Zn content is set within the range of 1 0-25% by weight as reduced to ZnO. If the Zn content is less than 
0% by wethf the soLning point of the glaze increases, which can lead to failure to attain glost firing at the prescribed 

,s destred Temperature By contrast, „ the Zn content is in excess of 25% by weight, the coef^ien, o ,near expansio 
of the glaze becomes excessrvely high, so that the glaze layer becomes more susceptible to defects such as cracks 
Preferably the Zn content is set within the range of 12-18% by weight 

^00 3 T The Ba conten, is set within the range o, 7-20% by weigh, as reduced to BaO If ^^^^^ 
7% by we,gh,, the insulation performance o, the glaze is iowered, wh,ch can lead to impaired «»^P^^ 
40 contrast, i, the Ba content is in excess o, 20% by weight, the softening point ^J^*^™'^™^ S 
failure to attain glost firing at the prescribed des.red temperature. Preferably, the Ba content ,s set w.th.n the range 

[00ll] "The two co-added alkal, metal components are each contained ,n the glaze in an 

n this case, Na is calculated as reduced to Na 2 Q, K is calculated as reduced .0 K 2 0, and L, is ca cula ed « reduced 
<s to L, 2 0. If the amount of at least one component ,s less than 3% by weight, the softening pent of the g la 

which can lead to failure ,0 attain glost firing a, the prescribed desired temperature. Also, ,f the amoun ota least one 
component is in excess of 9% by weight, the coefficient o, linear expansion of the glaze excessively ,s increased, so 
that (he glaze layer becomes susceptible to defects such as cracks „ roforahK/ rpnu lated 

[001 5] Also, the total amoun, of the co-added alkal, metal components con, al ned ,n the glaze 
so w,th,n the ranoe o, 6-14% by we,gh, as reduced ,0 the respective oxides I, the total ^"^^^ 
metal components ,s less than 6% by we.ght, the softening pen, of the g.a/e increases, wh.ch can eac tc We to 
attain qlosl : finnq at the prescribed des,red temperature By contrast, ,f the total amount ,s ,n excess o, 14 /o by weigh,, 
the insulation performance of the glaze ,s lowered, which can lead ,0 impaired flas h over P™™*™- reoresents (he 
[0016] Further, the value of A1/A2 ,s preferably regulated within the range of 1.0-2.0, wherein Al ™ 
ss Lount by mole of one o, the two co-added alkal, metal components and A2 represents t a, of the other provided t a, 
Na is calculated as reduced ,0 Na 2 Q, K is calculated as reduced to K 2 C, and Li « calculated as "^""^ he 
value of A1/A2 is above or below the mentioned range, the conductivity suppression effect o, he ' ccHaddjUon oMhe 
alkal, meta. components ,s no, sufficiently attained. As a result, ,nsula.,on performance o, the glaze ,s lowered, which 
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can lead to impaired flashover prevention Preferably, the vaiue of A1/A2 is regulated within the range of 1.5-2.0 
[0017] In order to suppress the increase in conductivity of the glaze with the amount of the alkali metal components, 
Na and K are preferably used as the co-added alkali metal components. In this case, Na is preferably added in an 
amount of 3-9% by weight as reduced to Na 2 0, and K is preferably added in an amount of 3-9% by weight as reduced 



to K 2 0 



[0018] The total amount of cationic components contained in the glaze, i.e.. Si, B, Zn, Ba, and co-added alkali metal 
components, is preferably at least 95% by weight as reduced to their oxides. When the total amount is less than 95% 
by weight, the softening point of the glaze increases, which can lead to failure to attain glost firing at the prescribed 
desired temperature. Preferably, the total amount is 97% by weight or more. 

[001 9] Further, the glaze may contain, as auxiliary cationic components, one or more elements selected from among 
Al, Ca, Fe, Zr, Ti, Sr, Mg, Bi. Nt. Sn, P, and Mn The total amount of the auxiliary cationic components is 5% by weight 
or less with respect to the entirety of the glaze composition. In this case, Al is calculated as reduced to A^, Ca is 
calculated as reduced to CaO, Fe is calculated as reduced to Fe 2 0 3 , Zr is calculated as reduced to ZrQ 2 . Ti is calculated 
as reduced to Ti0 2 , Sr is calculated as reduced to SrO. Mg is calculated as reduced to MgO. Bi is calculated as reduced 
to Bi 2 0 3 , Ni is calculated as reduced to NiO. Sn is calculated as reduced to SnO>, P is calculated as reduced to P 2 0 5 , 
and Mn is calculated as reduced to MnO. These components may be intentionally added for a variety of purposes. In 
some cases, they may be spontaneously present in the glaze as impurities (contaminants) derived from raw materials 
(or the below-described clay minerals which are added during preparation of glaze slurry) or refractory material used 
in a melting step. Both Fe (II) ions (for example, FeO) and Fe (111) ions (for example, Fe^) can be used as Fe sources 
for material of the glaze. In the present invention, the amount of Fe contained in the resultant glaze layer is represented 
by the value as reduced to Fe 2 0 3 , irrespective of the valence numbers of Fe ions. 

[0020] If the total amount of the auxiliary cationic components is in excess of 5% by weight, the total amount of the 
primary cationic components cannot be 95% by weight or more. Preferably, the total amount of the auxiliary cationic 
components is 3.0% by weight or less. In the following description, in some cases, the primary cationic components 
and the auxiliary cationic components are collectively referred to as simply "cationic components." 
[0021] Devitrification of the glaze is suppressed through addition of Al in an amount of 5% by weight or less. Also, 
other components can be added as appropriate for regulating the softening point of the glaze. Addition of B^C^ is 
particularly effective for lowering the softening point of the glaze 

[0022] The glaze may contain substantially no Pb (except for the case in which Pb unavoidably migrates, for example, 
from raw materials of glaze). If the glaze contains Pb, the Pb content may be 1.0% by weight or less as reduced to 
PbO. If Pb is contained in the glaze in the form of an ion having a low valence number (for example, Pb 2 *), the ion is 
oxidized into an ion having a higher valence number (for example, Pb 3+ ) through corona discharge or a like phenomenon 
occurring on the surface of the glaze layer. As a result, the insulation performance of the glaze can be lowered, resulting 
in impaired flashover prevention. Recently, concern for environmental protection has been increasing, and usage of 
material containing no Pb has been investigated. From this viewpoint, the glaze used for the spark plug of the present 
invention is advantageous, since the glaze contains substantially no Pb as a cationic component. In other words, no 
problems arise in the glaze if the Pb content is lowered to a level at which the glaze contains substantially no Pb, other 
than Pb which is present in an amount up to about 1.0% by weight in the form of an inevitable impurity. The object of 
reducing the Pb content of glaze is thus achieved Preferably, the Pb content is 0.1% by weight or less 
40 [0023] A spark plug according to a second mode of the present invention is identical with the above<Jescnbed spark 
plug according to the first mode with regard to the mam portions other than the glaze layer. The glaze which forms a 
glaze layer contains components serving as the primary cationic components (herein after called "primary cationic 
components"), i.e. , Si, B, Zn, and Ba, at least one element selected from among Ti and Zr; at least one element selected 
from among Na, K, and Li as an alkali metal component, and Pb. The amounts of the primary cationic components are 
45 as follows: Si is contained in an amount of 20-40% by weight as reduced to SiOg, B is contained in an amount of 
20-35% by weight as reduced to B 2 0 3 , Zn is contained in an amount of 15-25% by weight as reduced to ZnO, and Ba 
is contained in an amount of 10-23% by weight as reduced to BaO The total amount of TI calculated as reduced to 
Ti0 2 and Zr calculated as reduced to Zr0 2 is 2- 1 0% by weight. The total amount of the alkali metal components is 1 2% 
by weight or less, wherein Na is calculated as reduced to Na 2 0, K is calculated as reduced to K 2 0, and Li is calculated 
as reduced to Li 2 0. The amount of Pb is 0. 1 % by weight or less as reduced to PbO. 

[0024] The second mode covers the following four aspects of the present invention. The four aspects may be applied 
singly or in an arbitrary combination. 

First aspect: The Si content is 20-38% by weight as reduced to Si0 2 (the first aspect may be combined with at least 
one of a second aspect, a third aspect, and a fourth aspect) 

Second aspect: The Zr content is 3.4% by weight or less as reduced to Zr0 2 (the second aspect may be combined 
with at least one of the first aspect, the third aspect, and the fourth aspect) 

Third aspect: The Ti content is 1 .5% by weight or more as reduced to Ti0 2 (the third aspect may be combined with at 
least one of the first aspect, the second aspect, and the fourth aspect) 
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Fourth aspect - WTi/WZr is 0.2-10, wherein WZr represents Zr content as reduced to Zr0 2 , and WTi represents Ti 
content as reduced to Ti0 2 (the fourth aspect may be combined with at least one of the first aspect, the second aspect, 

and the third aspect). . 

[0025] Next the action and effects of the second mode of the present invention will be descr.bed in detail, including 

s the respective actions and effects of the above-described first, second, third, and fourth aspects. The glaze layer serving 
as the main port.on of the spark plug of the second mode of the present invention is characterized by compr.smg Ti 
and Zr in a total amount of 2-10% by weight as reduced to the respective oxides, while the total amount of the alkali 
metal components is limited to 12% by weight or less (including 0% by weight), and the B content is limited to the range 
of 20-3 5% by weight as reduced to an oxide, B^. Limiting the total amount of the alkali metal components and the 

10 B content within the above-mentioned ranges enables easy formation of a glaze layer having uniform th.ckness and 
fewer defects such as bubbles. 

[0026] The reason why the above-mentioned effect is obtained through reduction of the amount of the alkali metal 
components and the B content is conceivable as follows: In the below<Jescribed manufacturing method of the present 
invention if the glaze powder has a great amount of the alkali metal components and a high B content, when the glaze 

is powder is processed into glaze slurry, these components are eluted in the slurry solvent such as water, resulting in 
increased viscosity of the slurry. If the viscosity of the slurry is drastically increased (for example, over 1000 mPa*s), 
uniform glaze-powder-coated layers become difficult to obtain, and bubbles and the like are more likely to be suspended 
in the layers However, through selection of the above-described ranges of the amount of the alkali metal components 
and the B content, glaze slurry having low viscosity and high fluidity can be easily prepared. As a result, a glaze layer 

20 having uniform thickness and fewer defects is easily obtained. 

[0027] Reduction of the amount of the alkali metal components and the B content leads to an .ncrease in the softening 
point- i e an increase in the glost-firing temperature of glaze. As described above, in order to suppress increase in 
the softening point, conventionally a large amount of PbO is added to glaze. By contrast, in the aboveOescnbed second 
mode instead of PbO, the oxides of Ti and Zr are added to glaze. As a result, the Pb content is reduced remarkably; 

25 specifically to 0 1% by weight or less as reduced to PbO, while an increase in the softening point of the glaze is 
suppressed. Preferably, the glaze contains substantially no Pb, excepting the case in which Pb migrates, for example, 
from raw materials of the glaze 

[0028] If an insulator to be coated with the glaze is formed of alumina-based insulating material, the difference be- 
tween the coefficient of linear expansion of the glaze and that of the insulator is relatively small, so that the glaze layer 

30 becomes less susceptible to cracks and the like Also, since tne glaze has a softening point lower than that of the 
conventional lead-silicate-glass-based glaze, the glost-firing temperature can be made as low as 800-950°C. There- 
fore even in the case where glost firing is performed concurrently with glass sealing as mentioned above, the center 
electrode and the below-described terminal metal piece are not susceptible to oxidization. Further, since the amount 
of the alkal. metal components is reduced, the glaze layer provides excellent insulation performance (which leads to 

35 excellent flashover prevention). Moreover, the addition of the oxides of Ti and Zr improves water resistance or chemical 
resistance of the obtained glaze layer For example, even ,f the alkali metal components are contained ,n the glaze 
layer elution of the components is suppressed, resulting in improved withstand voltage of the glaze layer. The Zr 
component has a more significant effect of improving chemical resistance of the glaze layer than does the Ti component. 
In the present invention, the expression "excellent water resistance" refers not only to the case in which components 

40 of the formed glaze layer are difficult to elute into water, but also to the case in which, when glaze fnt is allowed to 
stand in water for a long time in the form of aqueous slurry, increase in viscosity of the slurry due to elution of its 
components is impaired 

f00291 In the second mode, if the total amount of the alkali metal components is in excess of 1 2 /» by weignt. tnere 
cannot be attained the remarkable effects characteristic to the second mode, such as improved fluidity of the glaze 

45 slurry and uniform thickness and fewer defects of the obtained glaze layer. Also, addition of the alkal. metal components 
in an amount over the range provides adverse affects in terms of securing the insulation performance of the glaze^ On 
the other hand since increase of the softening point is suppressed through addition of oxides of Ti and Zr to the g aze 
layer the amount of the alkali metal components can be reduced to a level at which the glaze contains substantially 
no alkal, metal components, except for alkali metal components wh.ch m.grate, for example, from raw materials hor 

so pxample reducing the amount to less than 6% by weight, preferably less than 5% by weight, yields a more significant 
effect of improving tne insulation performance If the alkali metal component must oe adaea .n a certain .men, ,r. 
order to obtain a proper glost-firing point, adequate fluidity of the molten glaze, and the like, addition of two or more 
alkali metal components is more effective in terms of improvement of the insulation performance, as in the case of the 

first mode H . , 

ss [0030] If the total amount ol Ti and Zr is less than 2% by weight as reduced to the respective oxides, the effect o 
suppressing increase in the softening point of the glaze becomes insufficient, which can lead to a failure to attain glost 
firing at the desired temperature By contrast, if the total amount is in excess of 10% by weight, the glost-fired glaze 
layer disadvantageous^ becomes susceptible to devitrification. Also, if the oxides of Ti and Zr are added in proper 
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amounts, the softening point of the glaze is lowered through, for example, eutectic reaction of the oxide with other 
oxides. However, since each of the oxides of Ti and Zr is substantially a high-melting-point oxide, if the total amount 
of the oxides is in excess of 10% by weight, the softening point of the glaze is adversely increased, whtch can lead to 
a failure to attain glost firing at the desired temperature. Preferably, the total amount of Ti and Zr is 3-3% by weight as 
reduced to the respective oxides. 

[0031] Since Zr increases the viscosity of the molten glaze to a slightly greater extent than does TI, the Zr content 
is 3.4% by weight or less, preferably 3.0% by weight or less as reduced to Zr0 2 , as in the case of the second aspect, 
in order to increase the fluidity of molten glaze and to form a uniform glaze layer having excellent appearance 
[0032] On the other hand, since Ti does not increase the viscosity of the molten glaze to the extent that Zr does, the 
Ti content is set to 1 .5% by weight or more as reduced to Ti0 2 , as in the case of the third aspect, to thereby advanta- 
geously form a glaze layer having more excellent water resistance or chemical resistance. 

[0033] When Ti is added in an excessive amount, the coefficient of linear expansion of the glaze layer is excessively 
low. In this case, if the insulator to be coated with the glaze is formed of, for example, alumina-based insulating material, 
the difference between the coefficient of linear expansion of the insulator and that of the glaze can induce defects such 
as crazing in the glaze layer. Therefore, Ti and Zr are preferably added in combination in order to prevent the defects 
and to increase the fluidity of the molten glaze so as to obtain a uniform glaze layer having excellent appearance, as 
well as excellent water resistance or chemical resistance. Specifically, as in the case of the fourth aspect, WTi/WZr is 
0.2-10, wherein WZr represents Zr content as reduced to Zr0 2 , and WTi represents Ti content as reduced to Ti0 2 . If 
WTi/WZr is less than 0.2, the relative Ti content tends to be insufficient. In such a case, in order to fully obtain an effect 
of increasing water resistance or chemical resistance, the Zr content must be increased. As a result, the viscosity of 
the molten glaze is increased in some cases, resulting in impaired appearance of the glaze layer. By contrast, if WTi/ 
WZr is in excess of 10, the Zr content must be increased in order to fully obtain an effect of increasing water resistance 
or chemical resistance. As a result, the coefficient of linear expansion of the glaze layer becomes excessively low, so 
that the glaze layer becomes susceptible to crazing and the like. Preferably, WTi/WZr is 0.5-7. 

[0034] In the above-described second mode, the amount of Si contained in the glaze is set to 20-40% by weight as 
reduced to Si0 2 . When the insulator to be coated with the glaze is formed of alumina-based insulating material, if the 
Si content is less than 20% by weight, the coefficient of linear expansion of the glaze becomes excessively high, so 
that the glaze layer becomes susceptible to defects such as cracks. By contrast, when the Si content is higher than 
40% by weight, the coefficient of linear expansion of the glaze becomes adversely low, so that the glaze layer becomes 
susceptible to defects such as crazing. Also, if the Si content is 38% by weight or less as in the case of the first aspect, 
defects such as crazing are suppressed in the glaze layer. Preferably, the Si content is set within the range of 25-35% 
by weight as reduced to Si0 2 . 

[0035] In the second mode, the B content is 20-35% by weight. If the B content is less than 20% by weight, the 
softening point of the giaze is increased, resulting in a failure to attain glost firing at the desired temperature (800-950°C 
as described above). By contrast, if the B content is higher than 35% by weight, there cannot be attained the remarkable 
effects characteristic to the second mode, such as improved fluidity of the glaze slurry, and uniform thickness and fewer 
defects of the obtained glaze layer. Further, there can result adverse effects involving problems as follows: the obtained 
glaze layer becomes more susceptible to phase splitting, resulting in devitrification; the insulation performance of the 
glaze layer is lowered; and a targe difference is provided between the coefficient of linear expansion of the glaze layer 
and that of the material to be coated with the glaze Preferably, the B content is set within the range of 20-28% by weight. 
[0036] in order to enhance the effect of improving the fluidity of the glaze slurry, the total amount (calculated as 
reduced to oxides) of B and the alkali metal components is preferably 42% by weight or less, preferably 35% by weight 
or less. Also, in order to suppress excessive increase of the glost-firing temperature, the total amount (calculated as 
reduced to the respective oxides) of the alkali metal components, Ti, and Zr is preferably 8% by weight or more. 
4 $ [0037] In the second mode, the Zn content is set within the range of 1 5-25% by weight as reduced to ZnO. If the Zn 
content is less than 1 5% by weight, the softening point of the glaze is increased excessively, which can lead to a failure 
to attain glost firing at the desired temperature. By contrast, if the Zn content is higher than 25% by weight, the coefficient 
of linear expansion of the glaze becomes excessively high, so that the glaze layer becomes more susceptible to defects 
such as cracks. The Zn content is preferably set within the range of 15-20% by weight, more preferably 17-20% by 
50 weight. 

[0038] In the second mode, the Ba content is set within the range of 10-23% by weight as reduced to BaO. If the Ba 
content is less than 10% by weight, the insulation performance of the glaze is lowered, which can lead to impaired 
flashover prevention By contrast, if the Ba content is higher than 23% by weight, the softening point of the glaze 
increases, which can lead to failure to attain glost firing at the prescribed desired temperature Preferably, the Ba 
ss content is set within the range of 12-18% by weight 

[0039] In the first and second modes, the glaze contains the above-described cationic components or auxiliary cat- 
ionic components mainly in the form of oxides. However, in many cases, the forms of the oxides cannot be identified; 
for example, because the components form amorphous glass phases In this case, so long as the respective amounts 
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(as reduced to oxides) of the components contained in the glaze layer fall within the above-described ranges, the spark 
plug formed from the glaze falls within the scope of the present invention. 

[0040] The amount of each of the cationic components contained in the glaze layer formed on the insulator is identified 
through a known microanalysis technique such as EPMA (electric probe micro analysis), or XPS (X-ray photoetectron 
5 spectroscopy). For example, if characteristic X-rays are measured in EPMA, both the wavelength dispersive X-ray 
method and the energy dispersive X-ray method can be used. Alternatively, the composition can be identified through 
chemical analysis or gas analysis conducted on a glaze layer peeled from the insulator. 

[0041] The spark plug having the above-described glaze layer according to the present invention includes a rod- 
shaped terminal metal piece portion. The terminal metal piece portion is disposed within the through-hole of an insulator 

10 such that it is integrated with a center electrode so as to form a single unit, or is separated from the center electrode 
with a conductive bonding layer disposed therebetween. In this mode, the entirety of the spark plug is maintained at 
500°C, an electric current is caused to flow between the terminal metal piece portion and the metallic shell with the 
insulator disposed therebetween, to thereby measure the insulating resistance. In order to secure insulation durability 
at high temperature, the insulating resistance is preferably maintained at 200 or more, in view of prevention of 

is flashover and the like. 

[0042] FIG. 8 shows an example of a system for measuring insulating resistance. FIG. 8 depicts a spark plug 100 
comprising a terminal metal piece 1 3 and a metallic shell 1 . The terminal metal piece 1 3 is connected to a DC constant- 
voltage power supply (for example, a power supply providing 1000 V). The metallic shell 1 is grounded. An electric 
current is caused to flow through the spark plug 100 while the same is being heated at 500°C in a heating furnace. 
20 For example, in the case where an applied electric current Im is measured by use of a resistor for measuring an electric 
current (resistance: Rm), an insulating resistance Rx to be measured is represented by an equation: (VS/lm) - Rm, 
wherein VS is current-carrying voltage (in FIG. 8, the applied electric current Im is measured as an output from a 
differential amplifier which amplifies the difference between voltages measured at the opposite ends of the resistor for 
measuring an electric current). 

25 [0043] The insulator may be formed from alumina-based insulating material containing Al in an amount of 85-98% 
by weight as reduced to Al 2 0 3 . In this case, the glaze preferably has an average coefficient of linear expansion of 50 
x 10- 7 /°C to 85 x 10" 7 /°C as measured within the temperature range from 20° C to 350°C. If the coefficient of linear 
expansion falls below the lower limit, the spark plug becomes susceptible to defects such as crazing. By contrast, if 
the coefficient of linear expansion is above the upper limit, the spark plug becomes susceptible to defects such as 

30 cracks. More preferably, the coefficient of linear expansion is 60 x 10- 7 /°C to 80 x lO- 7 /°C 

[0044] The coefficient of linear expansion of the glaze can be deduced from a value obtained in the following manner: 
Materials are mixed so as to obtain a composition substantially identical with that of the glaze; the mixture is melted 
so as to obtain vitreous glaze bulk; a sample is cut from the bulk; and the coefficient of expansion of the sample is 
measured by a known method using a dilatometer or a like technique. Alternatively the coefficient of linear expansion 

35 of the glaze layer formed on the insulator can be measured by use of, for example, a laser interferometer or an atomic 
force microscope. 

[0045] The spark plug according to the first mode is manufactured through a first manufacturing method of the present 
invention. The first manufacturing method includes a glaze powder preparation step, a glaze powder accumulation 
step, and a glost-firing step. 

40 [0046] The glaze powder preparation step includes mixing source powders for Si, B, Zn, and Ba as cationic compo- 
nents, and source powders for two elements selected from among Na, K, and Li (co-added alkali metal components) 
such that the mixture contains Si in an amount of 18-35% by weight as reduced to Si0 2 , B in an amount of 25-40% by 
weight as reduced to B 2 0 3 , Zn in an amount of 10-25% by weight as reduced to ZnO, Ba in an amount of 7-20% by 
weight as reduced to BaO, and each of the co-added alkali metal components in an amount of 3-9% by weight when 

45 Na is reduced to Na 2 O t K is reduced to K 2 0, and Li is reduced to U 2 0; heating and melting the mixture at 1 000-1 500°C; 
rapidly cooling and virtrificating the molten material; crushing the vtrtnficated material into frit; and preparing glaze 
powder from the frit. 

[0047] The glaze powder accumulation step includes applying the glaze powder on the surface of an insulator so as 
to form a giaze-powder-accumuiated layer. 
so [0048] The glost-firing step includes firing the insulator at 800-950°C so that the glaze-powder-accumulated layer is 
baked and fixed on the surface of the insulator. 

[0049] The spark plug of the second mode is manufactured through a second manufacturing method of the present 
invention. The second manufacturing method includes a glaze powder preparation step, a glaze powder accumulation 
step, and a glost-firing step. 

55 [0050] The glaze powder preparation step includes mixing source powders for Si. B, Zn, and Ba as primary cationic 
components and source powders for at least one element selected from among Ti and Zn such that the mixture contains 
Si in an amount of 20-40% by weight as reduced to Si0 2 , B in an amount of 20-35% by weight as reduced to B 2 0 3 , 
Zn in an amount of 15-25% by weight as reduced to ZnO, Ba in an amount of 10-23% by weight as reduced to BaO, 
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and Ti and/or Zr in a total amount of 2-10% by weight as reduced to Ti0 2 and/or Zr0 2 ; heating and melting the mixture 
at 1 000-1 500 a C, rapidly cooling and vindicating the molten material; crushing the vindicated material into frit and 
preparing glaze powder from the frit. 

[0051] The glaze powder accumulation step includes applying the glaze powder on the surface of an insulator so as 
to form a glaze-powder-accumulated layer 

[0052] The giost-finng step includes firing the insulator at S00-950°C so that the glaze-powder-accumulated layer is 
baked and fixed on the surface of the insulator. 

[0053] As the source powder for each of the components (not only a source powder for a cationic component, a 
source powder for an auxiliary cationic component is included), there may be used a variety of inorganic material 
powders of hydroxides, carbonates, chlorides, sulfates, nitrates, and phosphates of the component, in addition to the 
oxides (including compound oxides) of the component. These inorganic material powders must be those which can 
be converted to oxides through heating and melting. Rapid cooling may be effected by spraying the molten material 
onto the surface of a cooling roll so as to obtain rapidly<;ooled solidified material in the form of flakes, in addition to a 
method of immersing the molten material in water. 
>s [0054] The frit for the glaze powder may be dispersed in water or solvent so as to obtain glaze slurry. In this case 
the glaze slurry is applied on the surface of the insulator arid dried so that a glaze slurry coating can be formed as a 
glaze-powder-accumulated layer. As a method of applying the glaze slurry on the surface of the insulator, there may 
be used a method of spraying the glaze slurry through a spray nozzle, which facilitates formation of a glaze-powder- 
accumulated layer having a uniform thickness and regulation of a thickness of the layer. 

[0055] A proper amount of clay minerals or organic binders may be added to the glaze slurry in order to enhance 
shape-retaining performance of the thus-formed glaze-powder-accumulated layer Examples of usable clay minerals 
include those containing aluminosilicate hydrates as the main components, such as a clay mineral containing, as the 
main components, at least one of allophene, imogolite, hismgerite, smectite, kaolinite, halloysite, montmonlonite, illite, 
vermiculite, dolomite, and the like, as well as compounds thereof. Also, from the viewpoint of oxide components con- 
tained, there may be used a clay mineral containing, as the main components, at least one of Fe^, Ti0 2 , CaO, MgO, 
Na 2 0, K 2 0, and the like in addition to Si0 2 and Al 2 0 3 . 

[0056] The spark plug of the present invention includes the through-hole, the terminal metal piece, the center elec- 
trode, and the sintered conductive material portion (including conductive glass seal layers, and a resistor). The through- 
hole is axially formed through the insulator The terminal metal piece is fixed at one end of the through-hole, and the 
center electrode is fixed at the other end of the through-hole. The sintered conductive material portion is formed from 
a mixture of glass and conductive material, and is disposed within the through-hole and between the terminal metal 
piece and the center electrode so as to electrically connect these components to each other 
[0057] The spark plug is manufactured by a method comprising the following steps 
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Assembly manufacture step: An assembly is manufactured as follows A terminal metal piece is fixed to one end 
of a through-hole of an insulator, and a center electrode is fixed to the other end of the through-hole. A sintered 
conductive raw powder containing mainly glass and conductive material is charged into a space between the 
terminal metal piece and the center electrode within the through-hole so as to form a powder-charged layer. 
Glost-firmg step The following two procedures are performed concurrently. The assembly having a glaze-powder- 
accumulated layer formed on the surface of the insulator is heated at 800-950°C so as to bake and fix the layers 
on the surface of the insulator, to thereby form a glaze layer, and the glass powder in the powder-charged layer 
is softened 

Press step: The center electrode and the terminal metal piece are brought into close proximity within the through- 
hole, so that the powder-charged layer is pressed between the center electrode and the terminal metal piece, to 
thereby establish a sintered conductive material portion. 

[0058] In this case, the center electrode and the terminal metal piece are electrically connected to each other via the 
sintered conductive material portion, and the space between the inner surface of the through-hole and the center 
electrode or the terminal metal piece is sealed. Therefore, the above^iescnbed glost-firing step and press step provides 
a glass seal step. The present method is efficient, since the glass seal step and glost-firing step are performed at the 
same time Also, since the above-described glaze is used, the glost-firing temperature can be made as low as 
800-950°C As a result, defective products stemming from oxidation of the center electrode and the terminal metal 
piece are seldom produced, resulting in increased product yield of the spark plug. 

[0059] In this case, the softening point of the glaze is preferably regulated within the range of 600-700°C. If the 
softening point is higher than 700°C, the glost-firing temperature must be 950°C or more so that the center electrode 
and the terminal metal piece are easily oxidized By contrast, if the softening point is less than 600°C, the glost-firing 
temperature must be set to as low as 800°C or less In this case, glass having a low softening point must be used for 
the sintered conductive material portion in order to obtain excellent glass sealing As a result, in the case where the 
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finished spark plug is used over a long period of time at relatively high temperature, the glass contained in the sintered 
conductive material portion becomes easily altered. In such a case, if the sintered conductive material portion contains 
a resistor, performance characteristics such as service life under load can be impaired. 

[0060] The softening point of the glaze is measured as follows: raw materials are mixed and melted so as to obtain 
5 a bulk of vitreous glaze; the bulk is reduced into particles having a particle size of about 10-100 ujd; the particles are 
subjected to differential thermal analysis with reheating; and the subsequent peak after the first peak representing a 
state-changing point in an endothermal reaction (the second peak in endothermal reaction) is determined as the sof- 
tening point. The softening point of the glaze layer formed on the surface of the insulator is deduced from a softening 
point obtained in the following manner: the amounts of the cationic components and the auxiliary cation ic components 
10 contained in the glaze layer are measured; a composition as reduced to oxides is calculated based on the amounts; 
raw materials of oxides of the respective elements are mixed and melted so as to obtain a composition substantially 
identical with the obtained composition; the mixture is rapidly cooled so as to obtained a vitreous sample; and the 
softening point of the vitreous sample is measured. 

[0061] The insulator on which the glaze layer is formed can be formed from an alumina-based insulating material 
is which contains Na in an amount of 0.07-0.5% by weight as reduced to Na 2 0. In the following description, unless 
otherwise specified, "Na content" refers to the amount of contained Na as reduced to Nc^O. 

[0062] Various other objects, features and many of the attendant advantages of the present invention will be readily 
appreciated as the same becomes better understood by reference to the following detailed description of the preferred 
embodiments when considered in connection with the accompanying drawings, in which: 

20 

FIG. 1 is a cross-sectional view showing an embodiment of the spark plug according to the first mode of the present 
invention; 

FIG. 2A is a partial cross-sectional view showing a main portion of the spark plug of FIG. 1 ; 

FIG. 2B is an enlarged cross-sectional view showing the spark discharge portion and its vicinity in the main portion; 
25 FIG. 3 is a view showing the appearance of an insulator having a glaze layer; 

FIGS. 4A and 4B are views showing two embodiments of the insulator; 

FIG. 5 is a view showing another embodiment of the spark plug of the present invention; 

FIGS. 6A is a top view showing the spark discharge portion and its vicinity of FIG. 5. 

FIGS 6B is a top view showing a variation of the spark discharge portion and its vicinity of FlG 5 
30 FIG. 7 is a view showing yet another embodiment of the spark plug of the present invention; 

FIG. 8 is an explanatory sketch showing a method of measuring the insulation resistance of the spark plug; 

FIG. 9 is an explanatory sketch showing a rubber press method; 

FIG. 10 is an explanatory sketch showing a step of forming a glaze slurry coating; 

FIGS. 1 1 A - 1 1 D show the glass sealing steps; and 
35 FIGS. 12A and 1 2B show the steps subsequent to the steps shown in FIGS. 11 A - 110. 

[0063] Modes of the present invention will next be described with reference to embodiments shown in drawings. 
Embodiment 1 

40 

[0064] FIGS. 1 and 2 show an embodiment of a spark plug according to the first mode of the present invention. A 
spark plug 1 00 comprises a cylindrical metallic shell 1 , an insulator 2, a center electrode 3, and a ground electrode 4 
The insulator 2 is fitted into the metallic shell 1 such that a tip portion 21 of the insulator 2 projects from the metallic 
shell 1 . The center electrode 3 is disposed inside the insulator 2 such that a spark discharge portion 31 formed at the 
45 tip end of the center electrode 3 projects from the insulator 2. One end of the ground electrode 4 is connected to the 
metallic shell 1 through welding or a like technique, while the other end portion of the ground electrode 4 is curled so 
as to face the tip end of the center electrode 3. A spark discharge portion 32 facing the spark discharge portion 31 is 
formed on the ground electrode 4 A spark discharge gap g is formed between the spark discharge portions 31 and 
32 which face each other. 

50 [0065] The metallic shell 1 is formed into a cylindrical shape from metal such as low carbon steel. The cylindrical 
metallic shell 1 serves as a housing of the spark plug 100 A threaa portion 7 for attachment lo an umiiustrated engine 
block is formed on the outer circumferential surface of the cylindrical metallic shell 1 Numeral le denotes a tool en- 
gagement portion having a hexagonal lateral cross-section for engagement with a spanner or a wrench. 
[0066] A through hole 6 is axially formed in the insulator 2. A terminal metal piece 13 is inserted into the through 

55 hole 6 and is fixedly located at the tail-side end thereof, whereas the center electrode 3 is inserted into the through 
hole 6 and is fixedly located at the tip-side end thereof. In the through hole 6a, a resistor 15 is disposed between the 
terminal metal piece 13 and the center electrode 3 The opposite ends of the resistor 15 are electrically connected to 
the center electrode 3 and the terminal metal piece 13 via conductive glass seal layers 16 and 17, respectively The 
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resistor 15 and the conductive glass seal layers 16 and 1 7 constitute a sintered conductive material portion. The resistor 
15 is made of a resistor composition prepared by heating and pressing, during the below-described glass sealing step, 
a mixture comprising glass powder and conductive material powder (and ceramic powder other than glass as needed) 
There may be employed an alternative structure in which the resistor 15 is omitted and the terminal metai piece 13 
5 and the center electrode 3 are integrated via a single conductive glass seal layer. 

[0067] The insulator 2 has a through hole which axially extends in the interior thereof for accommodating the center 
electrode 3. The entire insulator 2 is formed of an insulating material containing alumina as a mam component, i.e., a 
sintered body of alumina ceramic containing A1 in an amount of 85-98% (preferably 90-98%) by weight as reduced to 
Al 2 O a . 

'0 [0068] Specific examples of the components other than Al include: 

Si component: 1 .50-5.00% by weight as reduced to Si0 2 ; 
Ca component: 1 .20-4.00% by weight as reduced to CaO; 
Mg component: 0.05-0.17% by weight as reduced to MgO; 
15 Ba component: 0.15-0.50% by weight as reduced to BaO; and 

B component: 0.15-0.50% by weight as reduced to B^. 

[0069] As shown in FIG. 1, the insulator 2 has a projecting portion 2e having a shape of, for example, a flange and 
projecting radially outward from the axialiy central portion of the insulator 2. In this context, the direction toward the tip 
end portion of the center electrode 3 (as viewed in FIG. 1) is taken as the front side The insulator 2 also has a body 
portion 2b which is formed on the rear side of the projecting portion 2e, as well as a first axis portion 2g and a second 
axis portion 2i, which are formed in front of the projecting portion 2e in this sequence from the front side to the rear 
side. The body portion 2b has a diameter smaller than that of the projecting portion 2e. The first axis portion 2g has a 
diameter smaller than that of the projecting portion 2e. The second axis portion 2i has a diameter smaller than that of 
the first axis portion 2g. A corrugated portion 2c is formed on the circumferential surface of the rear end portion of the 
body portion 2b. The first axis portion 2g has a substantially cylindrical circumferential surface. The second axis portion 
2i has a substantially conical circumferential surface whose diameter decreases toward the tip end. 
[0070] The area of the lateral cross-section of the center electrode 3 is made smaller than that of the resistor 15. 
The through hole 6 formed in the insulator 2 includes a substantially cylindrical first portion 6a and a substantially 
30 cylindrical second portion 6b. The center electrode 3 is inserted through the first portion 6a. The second portion 6b is 
located on the tail side (on the upper side in FIG. 1) of the first portion 6a and has a diameter larger than that of the 
first portion 6a As shown in FIG. 1, the terminal metal piece 13 and the resistor 15 are accommodated within the 
second portion 6b, and the center electrode 3 is inserted through the first portion 6a. A circumferential projection 3c 
for fixing the center electrode 3 is projected outward from the outer circumferential surface of a tail end portion thereof. 
35 The first portion 6a and the second portion 6b of the through hole 6 are connected with each other within the first axis 
portion 2g of FIG. 4A. At this connection position, a projection reception surface 6c for receiving the projection 3a of 
the center electrode 3 is provided between the first portion 6a and the second portion 6b of the through hole 6. The 
projection reception surface 6c assumes the form of a tapered surface or a curved surface. 

[0071] A connection portion 2h between the first axis portion 2g and the second axis portion 2i has a stepped cir- 
40 cumferential surface. An inwardly projecting portion 1 c is formed on the inner surface of the metallic shell 1 , and serves 
as an engagement portion of the metallic shell 1 . The stepped circumferential surface engages the inwardly projecting 
portion 1c via a ring-shaped plate packing 63, to thereby prevent axial sliding out. A wire ring packing 62 is disposed 
between the inner surface of the rear opening portion of the metallic shell 1 and the outer surface of the insulator 2. 
The wire ring packing 62 engages the rear peripheral edge of the flange-like projecting portion 2e. A wire ring packing 
45 60 is disposed in the rear of the wire ring packing 62 via a stuffed portion 61 which is stuffed with material such as talc. 
The insulator 2 is inserted into the metallic shell 1 from the rear opening and pushed forward. While the insulator 2 
and the metallic shell 1 are held in this state, the opening edge of the metallic shell 1 is inwardly caulked against the 
packing 60, to thereby form a caulking portion 1d which fixes the metallic shell 1 to the insulator 2. 
[0072] FIGS. 4A and 4B show two embodiments of the insulator 2. The following are exemplary dimensions of the 
50 portions of the embodiments: 

Overall length L1 : 30-75 mm 

Length L2 of the first axis portion 2g: 0-30 mm (not including the connection portion 2f for connection with the 
projecting portion 2e, but including the connection portion 2h for connection with the second axis portion 2i) 
55 Length L3 of the second axis portion 2i: 2-27 mm 

Outer diameter D1 of the body portion 2b: 9-13 mm 
Outer diameter D2 of the projecting portion 2e: 11-16 mm 
Outer diameter D3 of the first axis portion 2g. 5-1 1 mm 
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Outer diameter D4 of the bottom end portion of the second axis portion 2i: 3-8 mm 

Outer diameter D5 of the tip end portion of the second axis portion 2i (when the peripheral edge of the outer tip 
end surface is curved or chamfered, D5 denotes the outer diameter as measured at the foot position of the curved 
or chamfered portion, as viewed in the cross-section including the center axis O): 2.5-7 mm 
5 Inner diameter D6 of the second portion 6b of the through hole 6: 2-5 mm 

Inner diameter D7 of the first portion 6a of the through hole 6: 1-3.5 mm 
Wall thickness U of the first axis portion 2g: 0.5-4.5 mm 

Wall thickness t2 of the bottom end portion of the second axis portion 2i (as measured in the direction orthogonal 
to the center axis O): 0.3-3.5 mm 
to Wall thickness t3 of the tip end portion of the second axis portion 2i (as measured in the direction orthogonal to 

the center axis O; when the peripheral edge of the outer tip end surface is curved or chamfered, t3 denotes the 
wall thickness as measured at the foot position of the curved or chamfered portion, as viewed in the cross-section 
including the center axis O): 0.2-3 mm 

Average wall thickness tA ((t2 + t3)/2) of the second axis portion 2i; 0.25-3.25 mm 

15 

[0073] In FIG. 1, a portion 2k of the insulator 2 projects rearward from the metallic shell 1 and has a length LQ of 
23-27 mm (for example, about 25 mm). As viewed in a longitudinal cross-section including the center axis O of the 
insulator 2, the length LP of the projecting portion 2k of the insulator 2 as measured along the contour of the cross- 
section between the position corresponding to the rear edge of the metallic shell 1 , via the corrugated portion 2c, and 

20 the rear end edge of the insulator 2 is 26-32 mm (for example, about 29 mm). 

[0074] For example, the dimensions of the insulator 2 shown in FIG. 4A are as follows: L1 = about 60 mm, L2 - 
about 10 mm, L3 = about 14 mm, D1 - about 11 mm, D2 = about 1 3 mm, D3 = about 7.3 mm, D4 - about 5.3 mm, D5 
= about 4.3 mm, D6 - about 3.9 mm, D7 = about 2.6 mm, tl - 3.3 mm, t2 - 1 .4 mm, t3 = 0.9 mm, tA = 1.15 mm. 
[0075] In the insulator 2 shown in FIG. 4B, each of the first axis portion 2g and the second axis portion 2i has a 

25 slightly larger outer diameter as compared with that as shown in FIG. 4A. For example, the dimensions of the portions 
of the insulator 2 may be as follows: L1 = about 60 mm, L2 = about 10 mm, L3 = about 14 mm, D1 = about 11 mm, D2 
= about 1 3 mm, D3 = about 9.2 mm, D4 = about 6.9 mm, D5 - about 5. 1 mm, D6 - about 3.9 mm, D7 = about 2.7 mm, 
t1 = 3.3 mm, t2 = 2.1 mm. t3 = 1 .2 mm. tA = 1 .65 mm. 

[0076] Next, as shown in FIG. 3, a glaze layer 2d is formed on a surface of the insulator 2; specifically, the outer 
30 circumferential surface of the body portion 2b including the corrugated portion 2c and the outer circumferential surface 
of the first axis portion 2g. The formed glaze layer 2d has a thickness of 10-1 50 u.m, preferably 20-50 u,m. As shown 
in FIG. 1, the glaze layer 2d formed on the body portion 2b extends, by a predetermined length, in the axialfy front 
direction inside the metallic shell 1 , whereas the rear portion of the glaze layer 2d extends to the rear position of the 
body portion 2b. On the other hand, the glaze layer 2d formed on the first axis portion 2g covers the area where the 
35 portion 2g contacts the inner circumferential surface of the metallic shell 1; e.g., the area extending from the axially 
intermediate position of 2g to the position where the plate packing 63 abuts. 

[0077] The glaze layer 2d is formed of a glaze which comprises primary cationic components of Si, B, Zn, and Ba, 
and two elements (co-added alkali metal components) selected from among Na, K, and Li. The glaze contains Si in 
an amount of 18-35% by weight as reduced to Si0 2 , B in an amount of 25-40% by weight as reduced to B20 3 , Zn in 
40 an amount of 10-25% by weight as reduced to ZnO, and Ba in an amount of 7-20% by weight as reduced to BaO. The 
two co-added alkali metal components are each incorporated in an amount of 3-9% by weight in terms of NagO, K 2 0, 
or Li 2 0. 

[0078] Specifically, the glaze contains Si in an amount of 18-35% by weight as reduced to Si0 2 , B in an amount of 
25-40% by weight as reduced to B 2 0 3 , Zn in an amount of 10-25% by weight as reduced to ZnO, Ba in an amount of 

45 7-20% by weight as reduced to BaO, Na in an amount of 3-9% by weight as reduced to Na 2 0, and K in an amount of 
3-9% by weight as reduced to K 2 0. The total amount of Si, B, Zn, Ba, and co-added alkali metal components as reduced 
to respective oxides is 95% by weight or more. The glaze contains substantially no Pb. If the glaze contains Pb, the 
amount of Pb is 1 ,0% by weight or less as reduced to PbO. Further, the glaze may contain, as auxiliary cationic com- 
ponents, one or more elements selected from among Al, Ca, Fe, Zr, Tt, Sr, Mg, Bi, Ni, Sn, P, and Mn The total amount 

so of the auxiliary cationic components is 5% by weight or less, provided that Al is calculated as reduced to AI2O3, Ca is 
caicuiatea as reaucea to CaO, Fe is calculated as reduced to Fe 2 0 3i Zr is catcuiatea as reduced to Zr0 2 , Ti is calculated 
as reduced to Ti0 2 , Sr is calculated as reduced to SrO, Mg is calculated as reduced to MgO. Bi is calculated as reduced 
to Bi 2 0 3 , Ni is calculated as reduced to NiO, Sn is calculated as reduced to Sn0 2 , P is calculated as reduced to P 2 O s , 
and Mn is calculated as reduced to MnO. 

55 [0079] The body portion 3a of the center electrode 3 and the body portion 4a of the ground electrode 4 are formed 
of Ni alloy or a like alloy. A core material 3b formed of Cu, Cu alloy or a like material is embedded in the body portion 
3a of the center electrode 3 The spark discharge portion 31 and the spark discharge portion 32 facing the spark 
discharge portion 31 are formed predominantly of a noble metal alloy primarily containing one or more elements se- 
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lected from among Ir, Pt, and Rh. As shown in FIG. 2B, the body portion 3a of the center electrode 3 has a tip end 
portion whose diameter decreases toward the flat tip end surface thereof. A diskshaped chtp is placed on the tip end 
surface of the center electrode 3. The diskshaped chip is formed of an alloy having the same composition as the alloy 
forming the above-mentioned spark discharge portions. Subsequently, a weld zone W is formed along the boundary 
between the chip and the tip end portion through laser welding, electron beam welding, resistance welding, or a like 
welding method, thereby fixedly attaching the chip onto the tip end portion and forming the spark discharge portion 31 
Likewise, a chip is placed on the ground electrode 4 at a position corresponding to the spark discharge portion 31; 
thereafter, the weld zone W is formed along the boundary between the chip and the ground electrode 4 so as to attach 
the chip fixedly onto the ground electrode 4, to thereby form the spark discharge portion 32: These chips may be formed 
from a molten material which is obtained through mixing and melting of alloy components so as to attain the above- 
mentioned composition. Alternatively, the chips are formed of a sintered materia! obtained through compacting and 
sintering an alloy powder or a mixture of powdery elemental metals mixed at predetermined proportions, in this struc- 
ture, at least one of the spark discharge portion 31 and the spark discharge portion 32 facing the spark discharge 
portion 31 may be omitted. 

[0080] The above-described spark plug 1 00 is manufactured, for example, by the following method. First, the insulator 
2 is manufactured as follows. Raw powders for insulator 2; i.e., alumina powder and source powders of Si, Ca, Mg, 
Ba, and B components, are mixed at predetermined proportions so that the above-mentioned composition in terms of 
oxides of the elements is attained after sintering of the mixed powder. Predetermined amounts of a binder (PVA) and 
water are added and mixed, to thereby obtain a slurry. Examples of the source powders of respective components 
may be as follows: Si<3 2 powder for Si, CaC0 3 powder for Ca, MgO powder for Mg, BaC0 3 powder for Ba, and H 3 B0 3 
powder for B. Also, H 3 B0 3 may be added in the form of a solution. 

[0081] The slurry is sprayed and dried into granules through a spray drying method or a like technique The granules 
are formed through rubber-press molding into a compact, which serves as the original form of an insulator. FIG. 9 
schematically shows the process of rubber-press molding. In FIG. 9, a rubber mold 300 has a cavity 301 which axially 
extends through the interior of the rubber mold 300. A lower punch 302 is fitted into the cavity 301 at the lower opening 
portion thereof. A projecting press pin 303 is integrally formed with the lower punch 302 so that the press pin 303 axially 
extends, within the cavity 301, from the punch surface of the punch 302. The press pin 303 defines the shape of the 
through hole 6 (FIG. 1) of the insulator 2. 

[0082] In this state, a predetermined amount of the granules PG are charged into the cavity 301, and the upper 
opening portion of the cavity 301 is closed with an upper punch 304, to thereby seal the cavity 301. In this state, 
hydraulic pressure is applied from outside the circumferential surface of the rubber mold 300 so as to compress the 
granules PG within the cavity 301 via the rubber mold 300, thereby obtaining a compact 305 as shown in FIG. 10 
Before the above-described press-molding, moisture in an amount of 0.7-1.3 wt.% with respect to 100 wt.% of the 
granules PG is added to the granules PG in order to facilitate reduction of granules PG into particulate grains under 
pressure. The outer surface of the compact 305 is processed through grinding or a like technique so that the compact 
305 is finished to attain an exterior shape identical to that of the insulator 2 of FIG. 1. Subsequently, the compact 305 
is fired at 1 400-1 600°C, to thereby obtain the insulator 2. 
[0083] Independently, the glaze slurry is prepared as follows: 

[0084] Source powders for providing Si, B, Zn, Ba, Na, and K components (for example, Si0 2 powder for Si, H 3 B0 3 
powder for B, ZnO powder for Zn, BaC0 3 powder for Ba, Na 2 C0 3 powder for Na, and K 2 C0 3 powder for K) are mixed 
so that the mixture contains Si in an amount of 18-35% by weight as reduced to Si0 2 , B in an amount of 25-40% by 
weight as reduced to B 2 O a , Zn in an amount of 10-25% by weight as reduced to ZnO, and Ba in an amount of 7-20% 
by weight as reduced to BaO. As the co-added alkali metal components, Na is added in an amount of 3-9% by weight 
as reduced to Na 2 0 and K is added in an amount of 3-9% by weight as reduced to K 2 0 Subsequently, the mixture is 
heated at 1 000-1 500 3 C for melting, and the molten mixture is poured into water for rapid cooling and vitrification. The 
vitrificated material is crushed, to thereby obtain glaze frit. To the glaze frit are added proper amounts of clay minerals, 
such as kaolin and gairome clay, and an organic binder. Water is added to the mixture, followed by mixing, to thereby 
obtain glaze slurry. 

[0085] As shown in FIG. 1 0, the glaze slurry S is sprayed/applied through a spray nozzle N onto predetermined areas 
of the surface of the insulator 2 so as to form a glaze slurry coating 2d', which serves as a glaze powder accumulated 
layer after drying. 

[0086] Next will be outlined assembly of the center electrode 3 and the terminal metal piece 13 into the insulator 2 
on which the glaze slurry coating 2d' has been formed, and formation of the resistor 15 and the conductive glass seal 
layers 16 and 17. First, as shown in FIG. 11 A, the center electrode 3 is inserted into the first portion 6a of the through 
hole 6 of the insulator 2. Subsequently, as shown in FIG 11B, conductive glass powder H is charged into the second 
portion 6b Subsequently as shown in FIG. 11 C, a press rod 28 is inserted into the through hole 6 for preliminary 
compression of the powder H, to thereby form a first conductive glass powder layer 26 Subsequently material powder 
for the resistor is charged and subjected to preliminary compression. Further, conductive glass powder is charged and 
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subjected to preliminary compression. Thus, as shown in FIG. 11 D t within the through hole 6, the first conductive glass 
powder layer 26, a resistor material powder layer 25, and a second conductive glass powder layer 27 are layered, in 
this sequence from the side on which the center electrode 3 is located (from the lower side). 

[0087] Next, as shown in FIG. 12A, the terminal metal piece 13 is inserted into the through hole 6, to thereby form 

s a assembly PA. In this state, the entire assembly is inserted into a furnace and heated to 800 to 950°C, which is higher 
than the softening point of glass. Subsequently, the terminal metal piece 13 is press-fitted into the through hole 6 from 
the tail-side end opposite the center electrode 3 in order to axially press the layers 26 ; 25 ; and 27. In this way, press 
treatment is performed. As a result, as shown in FIG. 12B, the respective layers are compressed and sintered, to 
provide a conductive glass seal layer 16, a resistor 15, and a conductive glass seal layer 17 (the above-described 

10 process is hereinafter called a "glass sealing process"). 

[0088] Since the glaze frit contained in the glaze slurry coating 2d' has the above-described composition, the glaze 
frit has a softening point of 600-700°C. That is, since the amounts of Na and K in the composition are chosen to be 
relatively high, the softening point is lower than that of a conventional lead silicate glass glaze. Accordingly, the glost- 
firing temperature of the glaze frit can be decreased to as low as 800-950°C. Therefore, as shown in FIGS. 12A and 

is 12B, glaze slurry coating 2d' is concurrently glost-fired into a glaze layer 2d with heating in the above<j escribed glass 
sealing process. Also, from a different point of view, since the heating temperature in the glass sealing process is 
decreased from a conventionally-employed temperature of 900-1 000°C to 800-950°C, the surfaces of the center elec- 
trode 3 and the terminal metal piece 13 become less susceptible to oxidation. Further, since the difference between 
the coefficient of linear expansion of the glaze having the above-described composition and that of alumina insulator 

20 material forming the insulator 2 is relatively small, the glaze layer 2d is less susceptible to cracks and the like under 
cooling in the glass sealing process, which also serves as a glost-firing process. 

[0089] In this way, the glass sealing process for the assembly PA is completed. Subsequently, the metallic shell 1 , 
the ground electrode 4, and other components are attached to the assembly PA, to thereby form the spark plug 100 
shown in FIG. 1. The spark plug 100 is mounted onto an engine block by means of its thread portion 7, and used as 
25 an igniter for ignition of an air-fuel mixture fed into a combustion chamber In the spark plug 100, the glaze forming the 
glaze layer 2d has a considerably large amount of alkali metal components. However, since two kinds of alkali metal 
components, Na and K, are added in combination, conductivity is not increased considerably, thereby securing excellent 
insulation performance and resulting in excellent flashover prevention. 

[0090] The spark plug according to the present invention is not limited to the type shown in FIG. 1 , and may be of a 
30 type in which the tip end of the ground electrode 4 faces the side surface of the center electrode 3 with the gap g 
formed therebetween as shown in FIG. 5. In this case, there may be provided two ground electrodes 4 that face opposite 
sides of the center electrode 3 as shown in FIG. 6A, or three or more ground electrodes 4 located around the center 
electrode 3 as shown in FIG. 68. Also, the spark plug 100 may be formed to be a semi-surface discharge plug in which 
the tip end portion of the insulator 2 is caused to enter the space between the side surface of the center electrode 3 
35 and the tip end surface of the ground electrode 4. In this structure, since spark discharge is induced along the surface 
of the tip end portion of the insulator 2, resistance to staining is improved as compared with the case of an aerial 
discharge plug. 

Embodiment 2 

40 

[0091] Next will be described an embodiment of a spark plug according to the second mode of the present invention. 
Excepting the composition of the glaze layer, the structure of Embodiment 2 of the spark plug is identical to that of 
Embodiment 1 Detailed description of the components other than the glaze layer will be omitted, as the same will be 
readily understood from FiGS. 1 to 7. The glaze layer 2d is formed of a glaze comprising Si. B, Zn, and Ba which serve 

45 as primary cationic components; at least one element selected from among Ti and Zr, and at least one element selected 
from among Na, K, and Li, which serve as alkali metal components. The amounts of the primary cationic components 
are as follows: Si: 20-40% by weight as reduced to Si0 2 , B. 20-3 5% by weight as reduced to B20 3 , Zn: 15-25% by 
weight as reduced to ZnO, and Ba: 10-23% by weight as reduced to BaO. The total amount of Ti as reduced to Ti0 2 
and Zr as reduced to Zr0 2 is 2-10% by weight. The total amount of the alkali metal components is 12% by weight or 

50 less when Na is calculated as reduced to Na 2 0. K is calculated as reduced to K 2 0 and Li is calculated as reduced to 
Li 2 0 The Pb content as reduced to PbO is suppressed to 0.1% by weight or less. 

[0092] Specifically, the above-described composition of the glaze layer may be regulated so as to satisfy at least 
one of the following four optional conditions: (1 ) Si content as reduced to Si0 2 is 20-38% by weight; (2) Zr content as 
reduced to Zr0 2 is 3 4% by weight or less, (3) Ti content as reduced to Ti0 2 is 1 5% by weight or more: (4) WTi/WZr 
55 is 0.2-10, wherein WZr represents Zr content as reduced to Zr0 2 , and WTi represents Ti content as reduced to Ti0 2 . 
[0093] The method of manufacturing the spark plug 100 having the above-described glaze layer 2d is substantially 
the same as that of Embodiment 1 except that only the composition of the raw materials for glaze layer to be used is 
different. The glaze slurry is prepared as follows. Source powders for providing respective components, i.e., Si, B, Zn. 
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Ba, and at least one element selected from among Ti and Zr (for example, Si0 2 powder for Si. H 3 B0 3 powder for B 
ZnO powder for Zn, BaC0 3 powder for Ba, Ti0 2 powder for Ti, and Zr0 2 powder for Zr), are mixed so that the mixture 
contains Si in an amount of 20-40% by weight as reduced to Si0 2 , B in an amount of 20-3 5% by weight as reduced 
to B 2 0 3 , Zn in an amount of 15-25% by weight as reduced to ZnO, Ba in an amount of 10-23% by weight as reduced 
to Bad, and a total amount of TI as reduced to Ti02 and Zras reduced to Zr0 2 of 2-10% by weight. In the case where 
at least one element selected from among Na. K, and Li is added as an alkali metal component, the component source 
powder of each element is added such that the mixture contains a total amount of Na as reduced to NagO, K as reduced 
to K 2 0, and Li as reduced to Li 2 0 of 12% by weight or less. Subsequently, the mixture is heated at 1 000-1 500°C for 
melting, and the molten material is poured into water for rapid cooling and vitrification. The vitrrficated material is 
crushed, to thereby obtain glaze frit. The glaze frit may be blended with proper amounts of clay minerals, such as kaolin 
or gairome clay, and an organic binder. Water is added to the mixture, followed by mixing, to thereby obtain glaze slurry 
[0094] When the amounts of the alkali metal components and B component are determined within the above-de- 
scribed ranges, glaze slurry having low viscosity and sufficient fluidity is easily prepared. Referring to FIG. 1 0, the glaze 
slurry S is sprayed/applied through a spray nozzle N onto predetermined areas of the surface of the insulator 2, to 
thereby form a glaze slurry coating 2d' having a uniform thickness and suppressed engulfment of air bubbles or the 
like which may be involved in the slurry S. Detailed description of the process of obtaining the spark plug will be omitted, 
since the description is substantially the same as that provided for Embodiment 1 . Glost -firing of the glaze slurry coating 
2d' provides the glaze layer 2d having a uniform thickness and a small number of defects. Since, as in the case of 
Embodiment 1, the softening point of the glaze is as low as 600-700°C, the heating temperature in the glass sealing 
process is decreased to 800-950°C from a conventionally-employed temperature of 900-1 000°C. Therefore, the sur- 
faces of the center electrode 3 and the terminal metal piece 13 become less susceptible to oxidation. Further, since 
the difference between the coefficient of linear expansion of the glaze having the above<Jescribed composition and 
that of alumina insulator material forming the insulator 2 is relatively small, the glaze layer 2d is less susceptible to 
cracks and the like under cooling in the glass sealing process, which also serves as a glost-firing process. Since the 
glaze forming the glaze layer 2d contains a small amount of the alkali metal components, excellent insulation perform- 
ance is secured, resulting in excellent flashover prevention 

[0095] In some cases, the spark plugs of Embodiments 1 and 2 may have the same type of glaze layer 2d, depending 
on the selection of the composition. In this case, the effects of the first mode and those of the second mode of the 
present invention can be obtained concurrently 



EXAMPLE EXPERIMENTS 

[0096] To confirm the effects of the present invention, the following experiments were performed. 
35 Experiment 1 

[0097] An insulator 2 was formed as follows. An alumina powder (alumina: 95 wt.%, Na content (as reduced to Na 2 0): 
0.1 wt.%. average particle size: 3.0 jam) was mixed with Si0 2 (purity: 99.5%, average particle size: 1.5 jam), CaC0 3 
(purity: 99.9%, average particle size: 2.0 jam), MgO (purity: 99.5%, average particle size 2 jam), BaC0 3 (purity: 99.5%, 
*o average particle size: 1 .5 jam), H 3 B0 3 (purity: 99.0%, average particle size: 1 .5 ^m), and ZnO (purity: 99.5%. average 
particle size: 2.0 jam) at predetermined proportions The resultant powder mixture in a total amount of 100 parts by 
weight was mixed with 3 parts by weight of PVA serving as a hydrophilic binder and 103 parts by weight of water, 
followed by wet-mixing, to thereby prepare a slurry 

[0098] The slurry was dried through a spray<jry method, to thereby prepare spherical granules The granules were 
45 passed through a sieve so as to regulate the particle size to 50-100 jam. The granules were formed into a compact 
under a pressure of 50 MPa through rubber-press molding, which has been already described with reference to FIG. 
9. The circumferential surface of the compact was ground to have a predetermined insulator shape. The compact was 
fired at 1550°C, to thereby obtain the insulator 2. Through X-ray fluorescence analysis, the insulator 2 was confirmed 
to have the following composition: 



Al: 94 9 wt% as reduced to Al 2 0 3 , 
Si: 2 4 wt.% as reduced to Si0 2 ; 



Ca: 1 .9 wt.% as reduced to CaO; 
Mg: 0 1 wt.% as reduced to MgO; 
Ba: 0 4 wt.% as reduced to BaO; and 
B: 0 3 wt.% as reduced to B 2 0 3 

[0099] The dimensions of the insulator 2 shown in FIG 4A are as follows: L1 = about 60 mm, L2 = about B mm, L3 
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= about 14 mm, D1 = about 10 mm, D2 = about 13 mm, D3 = about 7 mm, D4 - 5.5 mm, D5 = 4.5 mm, D6 - 4 mm, 
D7 = 2.6 mm, tl = 1 .5 mm, t2 = 1 .45 mm, t3 1 .25 mm, tA - 1 .35 mm. Further, as shown in FIG. 1 , a portion 2k of the 
insulator 2 projecting rearward from the metallic shell 1 has a length LQ of 25 mm. As viewed in a longitudinal cross- 
section including the center axis O of the insulator 2, the length LP of the projecting portion 2k of the insulator 2 as 
measured along the contour of the cross-section between the position corresponding to the rear edge of the metallic 
shell 1 , via the corrugated portion 2c, and the rear end edge of the insulator 2 is 29 mm. 

[0100] Next, glaze slurry was prepared First, the following raw materials were mixed at various proportions: Si0 2 
powder (purity: 99.5%), H 3 B0 3 powder (purity: 98.5%), ZnO powder (purity: 99.5%), BaC0 3 powder (purity: 99.5%), 
Na 2 C0 3 powder (purity: 99.5%), K 2 C0 3 powder (purity: 99%), Ai 2 0 3 powder (purity: 99.5%), Fe 2 0 3 powder (purity: 
99.0%), CaC0 3 powder (purity: 99.8%), Ti0 2 powder (purity: 99.5%), SrC0 3 powder (purity: 99%), Sn0 2 powder (purity: 
99%), and FeO powder (purity: 99%). Each of the resultant mixtures was heated at 1 000-1 500°C for melting. The 
molten material was poured into water for rapid cooling and vitrification. The vitrificated material was crushed by use 
of an alumina-made pot mill for reduction so as to attain a particle size of 50 u.m or less, to thereby obtain glaze frit 
The glaze frit was mixed with 3 parts by weight of clay mineral such as New Zealand kaolin, 2 parts by weight of PVA 
as an organic binder, and 100 parts by weight of water, wherein the amounts are based on 100 parts by weight of the 
glaze frit, to thereby obtain glaze slurry. 

[0101] As shown in FIG. 10, the glaze slurry was sprayed through a spray nozzle onto the surface of the insulator 
2, followed by drying, to thereby form the glaze slurry coating 2d'. After drying, the thickness of the glaze coating 
became about 80 um By use of the thus-fabricated insulators 2, various types of spark plugs 100 shown in FIG. 1 
were prepared through the method described with reference to FIGS. 11A-11D, 12A, and 12B. However, the outer 
diameter of the thread portion 7 was made 14 mm. Also, B 2 0 3 -Si0 2 -BaO-Li 2 0 glass, Zr0 2 powder, carbon black 
powder, Ti0 2 powder, and metallic Al powder were used as raw powders for the resistor 15, and B20 3 -Si0 2 -Na 2 0 
glass, Cu powder, Fe powder, and Fe-B powder were used as raw powders for the conductive glass seal layers 16 
and 17. the temperature during glass sealing; i.e., the glost-firing temperature, was 900°C. The glaze layer 2d formed 
on the surface of each of the insulators 2 had a thickness of about 50 ujti. 

[0102] Separately samples of glaze in lump form were prepared through solidification without subsequent crushing. 
Through X-ray diffraction, the samples of lumpy glaze were confirmed to have been vitrificated (amorphous). The 
following experiments were performed by use of the samples. 



35 



(1) Analysis of chemical composition. Fluorescenl X-ray spectrometry was performed. Tables 1 and 3 show the 
values (as reduced to corresponding oxides) of each samples obtained through the analysis. Also, the composition 
of the glaze layer 2d formed on the surface of each of the insulators 2 was determined through EPMA, which 
confirmed that the results were substantially in agreement with those obtained through analysis of the lumpy sam- 
ples. 

(2) Coefficient of thermal expansion: A piece (5 mm x 5 mm x 10 mm) for measurement was cut from each of the 
lumpy samples, and an average was calculated from measurements performed between 20°C and 350°C through 
a known method using a dilatometer. Also, a test piece of the same dimensions was cut from each of the insulators 
2, and subjected to the same measurement: the coefficient was 73 x 10~ 7 /°C. 

(3) Softening point: Each of the powder samples (50 mg) was subjected to differential thermal analysis by the 
application of heat. The measurement started from room temperature, and the temperature at the second peak in 
endothermal reaction was determined as the softening point. 



[0103] The insulation resistance of each of the spark plugs was measured at 500°C at 1000V through the method 
which has been already described with reference to FIG 8. The state of the glaze layer 2d formed on each of the 
insulators 2 was visually checked. The results are shown in Tables 1-4. 



Table 1 





Primary components (as oxides) 


Auxiliary component (as 
oxide) 


(wt%) 


B 2 C 3 
(wt%) 


Na 2 G 
(wt%) 


K 2 0 
(wt%) 


A,/A 2 


BaO 
(wt%) 


ZnO 
(wt%) 


i v Jtri I 

(wt%) 


(wt%) 


1 * 


16 


44 


4.0 


4.0 


1 52 


13 


17.5 


98.5 


1.5 


2 


25 


35 


4 0 


4 0 


1 52 


13 


17 5 


98.5 


1.5 


3 


30 


30 


4 0 


4 0 


1 52 


13 


17 5 


98 5 


1.5 


4 


35 


25 


4 0 


40 


1.52 


13 


17.5 


98.5 


1.5 



50 
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Table 1 (continued) 











Primar 


y components (as oxides) 


Auxiliary comoonpnt (ac 
oxide) 


5 




Si0 2 
(wt%) 


B 2 0 3 
(wt%) 


Na 2 0 
(wt%) 


K 2 0 
(wt%) 




BaO 
(wt%) 


ZnO 
(wt%) 


Total 
(wt%) 


Al 2 0 3 
(wt%) 




5* 


40 


20 


4.0 


4 U 


1 .52 


1 3 


1 7.5 


98.5 


1.5 


10 


6 


25 


32 


4.0 


4.0 


1 .52 


1 3 


1 7.5 


98.5 


1.5 


7* 


28 


32 


4.0 


40 


1 52 


5 


25.5 


98.5 


1.5 




8 


28 


32 


4 0 


4.0 


1 .52 


8 


22.5 


98.5 


1.5 




9 


28 


32 


4.0 


4 0 


1 .52 


1 3 


17.5 


98.5 


1.5 


15 


10 


28 


32 


40 


4.0 


1 .52 


18 


12.5 


98.5 


1.5 




11* 


28 


32 


4.0 


4.0 


1 .52 


22 


8.5 


98.5 


1.5 




12* 


27 


31 


2 


9 


0.34 


12.5 


17.0 


98.5 


1.5 


20 


13 


27 


31 


3 


c 
o 


u. o / 


in c 
I C. O 


1 7 A 

1 / (J 


yb.o 


1.5 


14 


27 


31 


4 


7 


0.87 


12.5 


17.0 


98.5 


1.5 




I o 


0~7 
d/ 


31 


5 


6 


1.27 


12.5 


17.0 


98.5 


1.5 




16 


27 


31 


6 


5 


1.82 


12.5 


17.0 


98.5 


1.5 


25 


17 


27 


31 


7 


4 


2.66 


12.5 


17.0 


98.5 


1.5 




18 


27 


31 


8 


3 


4.05 


12.5 


17.0 


98.5 


1.5 




19* 


27 


31 


10 


1 


15.2 


12.5 


17.0 


98.5 


1.5 



note) *: outstde the scope of Ihe invention 
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Table 2 







Softening point 


Coefficient of thermal 


Insulation resistance 


Remarks 


35 




(°C) 


expansion (x 10" 7 /°C) 


(MQ) at 500°C 






1 * 


600 


94 


550 


Cracks on the surface of 
glaze 




2 


640 


82 


750 


Cracks on the surface of 


40 










glaze 


3 


650 


75 


800 


Cracks on the surface of 
glaze 




4 


670 


60 


950 


Cracks on the surface of 


45 










glaze 


5* 


700 


45 


350 


Crazing in the surface of 
glaze 




6 


650 


83 


550 


Crazing in the surface of 


50 










glaze 


7* 


620 


90 


150 


Cracks on the surface of 
glaze 




8 


640 


88 


250 


Cracks on the surface of 


55 










glaze 


9 


670 


82 


650 


Cracks on the surface of 
glaze 



note) *: outside the scope of the invention 
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Table 2 (continued) 





Softening point 
(°C) 


ooerncieni o\ inermcii 
expansion (x 10' 7 /°C) 


Insulation resistance 
(MQ) at 500°C 


Remarks 


10 


685 


70 


700 


Cracks on the surface of 
glaze 


1 1 * 


750 


65 


850 


Poor melting of glaze 


12* 


730 


78 


50 


Poor melting of glaze 


13 


700 


68 


80 


Poor melting of glaze 


14 


680 


59 


120 


Poor melting of glaze 


15 


630 


71 


550 


Poor melting of glaze 


16 


640 


65 


600 


Poor melting of glaze 


17 


630 


78 


80 


Poor melting of glaze 


18 


630 


. 74 


45 


Poor melting of glaze 


19* 


610 


80 


25 


Poor melting of glaze 



20 



25 



30 



35 



40 



45 



50 
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Auxiliary coniponcnis (ns oxides) 


> 

c 

/ — * OJ 
CN C 

w o 
ex 

£ 

o 
CJ 


o 

q 


p 


CaO 0.5 


FeO 0 6 


i 


i 

1 


CaO 0.4 


TiO, 1.3 


SrO 1.6 






■ 


• 


to 
d 

o 


FeO 0.3 


CaO 0.2 


CaO 0.1 


CaO 16 


FeO 0 3 


CaO 1.3 


> 
c 

— C 

w o 
o. 

£ 
o 
U 


ON 

O 

< 


o 
O 


O 

< 


CN 

d 
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ON 

d 
O 
CJ 


o 
O 

o 


d 
< 


ro 
O 

< 


ON 

O 

< 


to 
O 

w 

cn 


CN 

d 
O 
in 
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CN 
CN 

q 


o 

d 


to 

<5 


CN 

d 

< 


d 

< 


OO 

d 
O 

< 


to 

o 


ON 

d 
O 

< 


Primary components (as oxides) 


Total 
(wt%) 


o 

ON 


0 s 

o> 

ON 


ON 
ON 


CN 

oo 

ON 


CN 
ON 


CD 

ON 
ON 


CN 

r- 

ON 


o 

ON 


*0 

vO' 

CN 


to 

CO 
ON 


CO 
CN 
ON 


c — 

ON 
CN 


OO 
On 


CO 

ob 
On 


CM 

OO 

CN 


CO 
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Table 4 





Softening point 
( °) 


Coefficient of thermal 
expansion (x iu '/ 


Insulation resistance 
(MQ) at 500 C 


Remarks 


101 


710 


87 


550 


Cracks on the surface of 
glaze 


-i no 


CCA 

boU 


o c 

ob 


320 




1 no 


byo 


78 


400 




l U4 


7U0 


50 


550 




I UO 




48 


250 


Poor meltmgof glaze, and 
cracks 


106* 


750 


56 


200 


Poor melting of glaze 


107* 


810 


79 


450 


Poor melting of glaze 


l UO 


CCA 

DDU 


76 


700 




1 no 


690 


72 


650 




11 u 


640 


73 


800 




111 


650 


68 


900 




I I ^ 


b>3u 


61 


150 


Phase splitting of glaze 
surface (striae) 


113* 


820 


75 


950 


Poor melting of glaze 


i i a 


625 


71 


800 




1 1 c 

! I O 


695 


69 


700 




116 


625 


73 


550 




117 


600 


71 


150 




118* 


610 


87 


80 


Cracks on the surface of 
glaze 


119* 


675 


75 


50 




120* 


590 


91 


25 


Cracks on the surface of 
giaze 



note) *: outside the scope of the invention 



[0104] Therefore, in the spark plug having a glaze layer which satisfies the requirements of the first mode of the 
present invention, no cracks or other defects were generated on the glaze layer, indicating that an excellent glaze layer 
was obtained even at a low glost-firing temperature of 800-950°C. Although the amounts of alkali metal components 
were high, the insulation resistance was as high as 200 MQ at 500°C, indicating excellent flashover prevention. 

Experiment 2 

[0105] Insulators 2 of the same shape and material as in Experiment 2 were fabricated Glaze slurry was orepared 
as follows. The raw materiais used were S0 2 powaer (purity: 99.5%). H 3 B0 3 powder (purity: 98.5%), ZnO powder 
(purity 99 5%) BaC0 3 powder (purity QQ 5%) Na 2 C0 3 powde r (puhty 99 5%; KoCG- powder (purity 99%] >CC . 
powder (purity: 99%), Al 2 0 3 powder (purity: 99.5%), CaCO a powder (purity: 99.6%), Ti0 2 powder (purity: 99.5%)~ and 
Zr0 2 powder (punty: 98%). These were mixed at various mixing proportions The resultant mixture was heated at 
1000-1 500°C for melting The molten material was poured into water for rapid cooling and vitrification The vitrificated 
material was crushed by use of an alumina-made pot mill into grains having a average particle size of 9-10 jam, to 
thereby obtain glaze frit. To the giaze frit were added kaolin in an amount of 10% by weight serving as a clay mineral 
(England kaolin), an acrylic organic binder in an amount of 1% by weight, and water in an amount of 35% by weight, 
with the remainder being the glaze frit, followed by mixing, to thereby obtain glaze slurry 
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20 



25 



30 



45 



[0106] Each of the thus-obtained glaze slurries was allowed to stand for 10 days in a constant temperature bath at 
40°C in order to stabilize the elution of B component and alkali metal components from the glaze frit, followed by 
measurement by use of a Model B vtscosimeter (Model; B, product of Tokyo Keiki K.K., Type No BH). 
[0107] A variety of spark plugs 100 shown in FIG 1 were manufactured under the same conditions as in Experiment 
1. except that the above-described glaze slurries were used (1000 pieces were manufactured for each glaze slurry 
composition). The glaze layer 2d formed on each of the insulators 2 had a thickness of about 50 urn As in Experiment 
1 , the thus-obtained spark plugs were measured for their insulation resistance at 500°C. The state of the glaze layer 
2d formed on each of the insulators 2 was visually checked 

[0108] Separately, samples of lumpy glaze were prepared through solidification without subsequent crushing. The 
lumpy samples were confirmed to have been vitrificated (amorphous) through X-ray diffraction. The following experi- 
ments were performed by use of the samples 

(1) Analysis of chemical composition: X-ray fluorescence analysis was employed. Table 5 shows the values (as 
reduced to the respective oxides) for each sample obtained through the analysts. Also, the composition of the 
glaze layer 2d formed on the surface of each of the insulators 2 was determined through EPMA, and the obtained 
values were confirmed to be substantially identical to the values obtained through analysis of the lump samples. 

(2) Softening point: Each powdery sample (50 mg) was subjected to differential thermal analysis under heat. The 
measurement was performed from room temperature, and the temperature at the second peak in endothermal 
reaction was determined as the softening point. The results are shown in Table 6. 

(3) The glaze layer obtained through gfost-fmng was visually checked for cracks or crazing, and the number of 
spark plugs having an affected glaze layer per 1000 was counted. The results are shown in Table 6. 
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[0109] As is apparent from the above, in the spark plug having a glaze layer which satisfies the requirements of the 
second mode of the present invention, conditions of a molten glaze layer were excellent, and the incidence of cracking 
or crazing was low. Especially, an excellent glaze layer were obtained even at a low glost-firing temperature of 
800-950°C. The insulation resistance was as high as 200 MO op u-ope at 500°, indicating excellent flashover prevention 
Also, the glaze slurry used for forming a glaze layer had a relatively low viscosity, which contributed to formation of a 
homogeneous glaze layer having fewer defects. 

[0110] Obviously, numerous modifications and variations of the present invention are possible in light of the above 
teachings, it is therefore to be understood that within the scope of the appended claims, the present invention may be 
practiced otherwise than as specifically described herein. 

Claims 

1. A spark plug comprising: 
a center electrode (3); 

a metallic shell (1) disposed so as to surround the center electrode (3); 

a ground electrode (4), one end of the ground electrode (4) being connected to the metallic shell (1 ), while the 
other end of the ground electrode (4) facing the center electrode (3); 

an insulator (2) disposed between the center electrode (3) and the metallic shell (1 ) such that the insulator (2) 
covers the outer surface of the center electrode (3); and 

a glaze layer (2d) mainly formed of oxides and adapted to cover at least a portion of the surface of the insulator 
(2), characterized in that 

glaze which forms the glaze layer (2d) predominantly comprises Si, B, Zn, and Ba, and two co-added alkali 
metal components selected from among Na, K, and Li, wherein the amount of Si is 18-35% by weight as 
reduced to Si0 2 , the amount of B is 25-40% by weight as reduced to B 2 0 3 , the amount of Zn is 10-25% by 
weight as reduced to ZnO, the amount of Ba is 7-20% by weight as reduced to BaO, and the amount of each 
of the two co-added alkali metal components is 3-9% by weight as reduced to Na 2 0. KoO : or LuO 

2. A spark plug according to Claim 1 , wherein the glaze contains Si in an amount of 25-30% by weight as reduced 
to Si0 2 , B in an amount of 30-3 5% by weight as reduced to B^, Zn in an amount of 1 2-18% by weight as reduced 
to ZnO, Ba in an amount of 8-15% by weight as reduced to BaO, Na in an amount of 3-9% by weight as reduced 
to Na 2 O t and K in an amount of 3-9% by weight as reduced to K 2 0. 



35 3. 



A spark plug according to Claim 1 or 2, wherein the glaze contains, as auxiliary cationic components, one or more 
elements selected from among Al, Ca, Fe, Zr, Ti, Sr, Mg, Bi. Ni, Sn, P, and Mn, the total amount of the auxiliary 
cationic components being 5% by weight or less with respect to the entirety of the glaze composition, wherein Al 
is calculated as reduced to Al 2 0 3 , Ca is calculated as reduced to CaO, Fe is calculated as reduced to Fe 2 0 3 , Zr 
is calculated as reduced to Zr0 2 , Ti is calculated as reduced to Ti0 2 , Sr is calculated as reduced to SrO, Mg is 
calculated as reduced to MgO, Bi is calculated as reduced to Bi 2 0 3 , Ni is calculated as reduced to NiO, Sn is 
calculated as reduced to Sn0 2 , P is calculated as reduced to P 2 O s , and Mn is calculated as reduced to MnO. 

4. A spark plug according to any one of Claims 1 -3, wherein the glaze contains substantially no Pb or contains Pb 
in an amount of 1.0% by weight or less as reduced to PbO. 

5. A spark plug according to any one of Claims 1 -4, wherein the total amount of the co-added alkali metal components 
contained in the glaze is 8-20% by weight as reduced to their oxides. 

6. A spark plug according to any one of Claims 1 -5. wherein wnen Al represents the amount by mole of one of the 
two co-added alkali metal components and A2 represents that of the other, provided that Na is calculated as 
reduced to Na 2 Q, K is calculated as reduced to K 2 G, and Li is calculated as reduced to u 2 0, the value of A1/A2 
is regulated within the range of 1 .0-2.0 

7. A spark plug according to any one of Claims 1 -6, wherein the total amount of cationic components contained in 
the glaze; i.e., Si, B, Zn, Ba, and co-added alkali metal components is at least 95% by weight as reduced to their 
oxides 

8. A spark plug comprising 
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a center electrode (3), 

a metallic shell (1 ) disposed so as to surround the center electrode (3); 

a ground electrode (4), one end of the ground electrode (4) being connected to the metallic shell (1 ), while the 
other end of the ground electrode (4) facing the center electrode (3); 
5 an insulator (2) disposed between the center electrode (3) and the metallic shell (1 ) such that the insufator (2) 

covers the outer surface of the center electrode (3), and 

a glaze layer (2d) formed so as to cover at least a portion of the surface of the insulator (2), characterized in that 
glaze which forms the glaze layer (2d) predominantly comprises Si, B, Zn, and Ba. as well as at least one 
component selected from Ti and Zr. wherein the amount of Si is 20-38% by weight as reduced to Si0 2 , the 
10 amount of B is 20-3 5% by weight as reduced to BsC^, the amount of Zn is 15-25% by weight as reduced to 

ZnO, the amount of Ba is 10-23% by weight as reduced to BaO, and the amount of Ti and Zr is 2-10% by 
weight as reduced to Ti0 2 or Zr0 2 ; and the glaze further comprises at least one alkali component selected 
from among Na, K, and Li in a total amount of 12% by weight or less as reduced to their oxides, wherein the 
Pb content is not greater than 0 1% by weight as reduced to PbO. 

75 

9. A spark plug according to claim 8, wherein the Zr content as reduced to Zr0 2 is not greater than 3.4% by weight. 

1 0. A spark plug according to claim 8 or 9, wherein the TI content as reduced to Ti0 2 is not greater than 1 . 5% by weight. 

20 11. A spark plug according to claim 8, 9 or 10, wherein the ratio between the Ti content WT1 as reduced to Ti0 2 and 
the Zr content WZr as reduced to Zr0 2 , i.e., WTi/WZr is 0.2-10. 

12. A spark plug according to any one of Claims 8-11, wherein the total content of a component selected from Ti and 
Zr and the alkali metal component is not less than 8% by weight. 

25 

1 3. A spark plug according to any one of Claims 1-12, wherein the spark plug comprises a rod-shaped terminal metal 
piece portion (13) disposed within a through -hole of the insulator (2) such that the terminal metal piece portion is 
integrated with the center electrode (3), or is separated from the center electrode (3) with a conductive bonding 
layer disposed therebetween; and 

30 the insulator (2) has an insulating resistance of 200 or greater when measured in a state in which the 

entirety of the spark plug is maintained at about 500°C, and an electric current is caused to flow between the 
terminal metal piece portion (13) and the metallic shell (1). 



14. A spark plug according to any one of Claims 1-13, wherein the insulator (2) is formed from an alumina-based 
35 insulating material containing Al in an amount of 85-98% by weight as reduced to Al 2 0 3 ; and 

the glaze has an average coefficient of linear expansion of 50 x 10' 7 /°C to 85 x 10* 7 /°C as measured within 
the temperature range from 20°C to 350°C 

1 5. A spark plug according to any one of Claims 1-14, wherein the softening point of the giaze is in the range 600-700°C. 

40 

16. A method of manufacturing the spark plug according to any one of Claims 1 -7, characterized by comprising: 

a glaze powder preparation step for preparing glaze powder; 

a glaze powder accumulation step for applying the glaze powder on the surface of the insulator (2) so as to 
45 form a glaze-powder-accumulated layer; and 

a glost-firmg step for firing the insulator (2) at 600-950°C so that the glaze-powder-accumulated layer is baked 
and fixed on the surface of the insulator (2), 

wherein the glaze powder preparation step comprises the steps of: 

mixing source powders for Si, B, Zn, and Ba as cationic components, and source powders for two co-added 
50 alkali metal components selected from among Na, K, and Li such that the mixture contains Si in an amount 

of 18-35% by weight as reduced to Si0 2 , B in an amount of 25-40% by weight as reduced to BgC^, Zn in an 

amount of 10-25% by weight as reduced to ZnO, Ba tn an amount of 7-20% by weight as reduced to BaO, 

and each of the co-added alkali metal components in an amount of 3-9% by weight when Na is reduced to 

Na 2 0, K is reduced to K 2 0, and Li is reduced to U 2 0; 
55 heating and melting the mixture at 1000-1 500°C; 

rapidly cooling and virtnficating the molten material, 

crushing the virtrificated material into frit, and 

preparing glaze powder from the frit 
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17. A method of manufacturing the spark plug according to any one of Claims 8-11 , characterized by comprising: 

a glaze powder preparation step for preparing glaze powder; 

a glaze powder accumulation step for applying the glaze powder on the surface of the insulator (2) so as to 
5 form a glaze-powder-accumulated layer; and 

a glost-firing step for firing the insulator (2) at 800-950°C so that the glaze-powder-accumulated layer is baked 
and fixed on the surface of the insulator (2), 

wherein the glaze powder preparation step comprises the steps of: 

mixing source powders for Si, B, Zn, and Ba as cationic components, and source powder for at least one 
10 component selected from Ti and Zr such that the mixture contains Si in an amount of 20-40% by weight as 

reduced to Si0 2 , B in an amount of 25-30% by weight as reduced to B 2 0 3r Zn in an amount of 15-25% by 

weight as reduced to ZnO, Ba in an amount of 10-23% by weight as reduced to BaO, and Ti and Zr in an 

amount of 2-10% by weight when Ti is reduced to Ti0 2 , and Zr is reduced to Zr0 2 ; 

heating and melting the mixture at 1000-1 500°C; 
is rapidly cooling and virtrificating the molten material, 

crushing the virtrificated material into frit; and 

preparing glaze powder from the frit. 

18. A method of manufacturing a spark plug according to Claim 16 or 17, wherein a terminal metal piece is fixed at 
20 one end of a through-hole axially formed through the insulator (2), the center electrode (3) is fixed at the other end 

of the through-hole, and a sintered conductive material portion is formed from a mixture of glass and conductive 
material, and is disposed within the through-hole and between the terminal metal piece and the center electrode 
(3) so as to electrically connect these components to each other, the method comprising: 

25 an assembly manufacture step for manufacturing an assembly in which the terminal meta! piece is fixed to 

one end of the through-hole of the insulator (2), the center electrode (3) is fixed to the other end of the through- 
hole, and a sintered conductive raw powder containing mainly glass and conductive material is charged into 
a space between the terminal metal piece and the center electrode (3) within the through-hole so as to form 

a powder-charged layer: 

30 a press step for bringing the center electrode (3) and the terminal meta! piece into close proximity within the 

through-hole, in the heated assembly, so that the powder-charged layer is pressed between the center elec- 
trode (3) and the terminal metal piece, to thereby form the sintered conductive material portion; and 
a glost-firing step in which there are simultaneously performed the steps of heating the assembly having a 
glaze-powder-accumulated layer formed on the surface of the insulator (2) at 800-950°C so as to bake and 

35 fix the layer on the surface of the insulator (2), to thereby form a glaze layer (2d), and softening the glass 

powder in the powder-charged layer. 
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FIG. 1 
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FIG. 2A 
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FIG. 3 
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FIG. 4A FIG. 4B 
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FIG. 6A 




FIG. 6B 
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FIG. 9 
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FIG. 10 




EP 0 959 542 A1 




36 



EP 0 959 542 A1 



FIG. 12A FIG. 12B 
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